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namely: A) the method for storing hydrogen in a gaseous 
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and C) the method for storing hydrogen in a solid form, in 
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hybride. The only condition is that each of the above 
methods be used for storing at least 5% by weight of the 
total amount of hydrogen to be stored within a tank. Such 
a method permits to obtain fast release of hydrogen 
whenever required while ensuring high storage 
capacities. It also permits to satisfy transitory periods 
especially during the accelerations of a hydrogen- 
powered automotive vehicle. 
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1 

METHOD FOR^rnPRING^HYDROGEN IN A HYBRID FORM 
FIELD OFTHF I N VENTION 

The present" invention "relates - to a method forstoring hydrogen in a 
hybrid form. More specifically, it relates to a method "forstoring hydrogen in two 
differentfui i us" within a'single tank. 

The invention alscrrelates-to'tanksl l e i ei i la fte r ca lled "hybrid tanks", 
which are specially adapted'lorxanying-outthe above'niethod when the hydrogen 
is stored in liquid and -solid-fbrms-and- when the hydrogen is stored in solid and 
gaseous* forms, respectively. 

10 

BRIEF UbSCKIPIlON OFTHFPRIOR ART 

Methods for storing hydrogen can be classified in three main 

categories : 

(A) gaseous*storage in-high-pressure-tanks ; 

(B) liquid storage inxryogenkrtanks ; and 

(C) solid storage in-tanks'containifiy malBiials-thatabsorb (in volume) 
or adsorb (on* surface) hydrogen. 

The last category listed-above as-category (C) is the one that makes 
use of metal hydride storage tanks. 
2 o Each of the above-categories"has'advarrtages arrd disadvantages that 

are summarized in'the'fbllowing Table I : 
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By way of example, in the caseuf a method fur storing hydrogen in 
a gaseous form (category A), a tank of one (1) liter will contain the following 
amounts of hydrogerrat-the-various-pressures' indicated in Table II : 

TABLE II 



Gaseous-storage 



Hydrogen-pressure 


Amount of nydioyun within one liter 


3,600 psig (248 bar) 


0.0177 kg 


5,000 psig (345 bar) 


0.0233 kg 


8,000 psig (550 bar) 


0.0334 kg 


10,000 psig (690 bar) 


0.0392 kg 


15,000 psig (1,035 bar) 


0.0512 kg 



In the case of a method for* storing hydrogen in a liquid form 
(category B), a tank ofone (1 ) literwill contain 0.0708 kgof hydrogen since the 
l o density of liquid hydrogen at -252.8°C (that isatthe wiventional boiling point of 
hydrogen) is equal to 0.0708 kg/I. 

Last of all, inthecase of a'method for storing hydrogen in a solid 
form with a metal hydride (category C), a tank of one (1) liter containing a 
hydride of formula AB5 like LaNisHe (density: 6.59 kg/I, hydrogen storage 
15 capacity z 1 -4%) occupyrng-all the volume^oftheiank, will contain 0.0923 kg of 
hydrogen, thatis-almostlwicelhe^amountof hydrogen-stored in a gaseous form 
in a tank of one literat 15,000 psig. 

The results oHhis-comparative-example are given in Table III : 
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TABLE HI 

Comparison of the storage c apacity of therthru basic 



5 methods for storing'hydrog^N 



Method 


Amount of hydrogen sluiedwithin 
a tank of one liter 


(A) Gaseous storage at 15,000 psig 
(1 ,035 bar) atambient temperature 


0.0512 kg 


(B) Liquid storage at -252.8C (1 bar) 


0.0708 kg 


(C) Solid storage irr anhydride of LaNis 
(10 bar) afambienftemperature 


0.0923 kg 



Of course, in the case of the method forstoring hydrogen in a 
liquid form (category B), thereis-always some-gaseous hydrogen in equilibrium 
withthe liquid because~ of so me r e vapui al iorrofthe latter. Also, inlhe case of the 

10 method fo^storing-hydrogenin'a'soHd form^with ametal hydride (category C) 
typically operating-at low-pressure (10 bar), there is some gaseous hydrogen 
because the hydride*neveroccupies"all the-spaceirrthe'tank. Moreover, in the 
case of the method for storing hydrogen in a gaseous form at a very high 
pressure (category A), there is always _ some hydrugerrthat is adsorbed (such 

15 adsorbed hyd rogen is also called "solid hydrogen" according to the above 
terminology) ontathe in terna l walls-of thetank. Therefore, in each method listed 
hereinabove (gaseous, liquid and solid), there is always a small amount of 
hydrogenihat is stored~according~to anothermethod of storage. 

By way of example, orrernay evaluate the maximumpeicentaye of 

2 o hydrogen thafmay co m e fronranother method of storage in the case of a tank 
of one liter containing a -metal hydride powder (LaNisHe). Assuming that the 
powder is not compacted and, therefore, occupies about half of the volume of 
the tank, that is abouthalf a liter, considering-alsorthatthe density of LaNisHe is 
equal to 6.59 kg/1 and furtherassuming*thatihegaseous hydrogen within the 
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5 

tank (about half a liter) is ata-pressure 10 bar, the amount of hydrogen that is 
not solid withinthe-tank ofone literwill be as-reported in Table IV: 

TABLE IV 



"Gaseous" hydrogen (10 bar) 


"Solid" hydrogen 


Total amount of hydrogen 


0.00041 kg (0.9%) 


0.0462 kg (99.1%) 


0.0466 kg (100%) 



5 This examplexleariyshowsthatforany given method of storage, 

there can usually be 1% of-hydrogen-stored ina different-form. However, in all 
cases, this amountwill alwaysbe lowerthan 5% by weight. 

It has already been suggested that there could be some 
advantages in coupling different means to sluiiuy hydrogen within a single 
10 category. 

By way of example, U.S. patent No. 5,906,792 entitled 
"Nanocrystalline compos i te fo rhydrogerrstorage" in the-name of the Applicant 
and the McGill University, discloses that there are advantages when one 
combines within a same tank a low temperature metal hydride with a high 

1 5 te mpe r atu re-metal hydride' incontact with' each other. When-such a mixture is 
used for an internal combustion - engine, the low temperature metal hydride 
allows cold starting* oflhe-engine by providing the. hydrogen at the start up. 
When the engine is hot, the heat that is generated by the same permits to 
induce^the d esu i pliun uf hydiuyen from the higlTleinperature-metal hydride (see 

20 column 3 of this U.S. patent No. 5,906,792 formore details). 

Similarly, i nte rn a tional laid-open patent application No. WO 
01/16021 published on March 8, 2001 in the name of David G. SNOW et al, 
discloses that there are some advantages in combining solid storage in the 
volume (a bso r pt ion) with solid storage on the surface (adsorption) in 

25 nanoparticles of a hydride in order to improve, inter alia, the hydrogen 
absorption and description kinetics. 

U.S. patent No. 5,872,074 entitled * Leached nanocrystalline 
materials, process*for*Tnanufactare-the*sameand use thereof in the energetic 
field" in the name ofthe Applicant, also discloses that the hydrogen sorption 
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kinetics can- be improved- wherruse is-madeofa hydride having high specific 
surface. 

Independently of the above, it is also known tftatthe method (C) 
for storing hydr ogen in a-solidfomr usually has a response time (loading and 
5 unloading) much-slo wei than Ih e-rnethod (A) forstoring hydrogen in a gaseous 
form and slower-than the method (B) for storing hydrogen in a liquid form. 
Actually, at least 1 5 rnmutes^and- somel i mes mure th an 1 houraTerequired to fill 
up a hydride storage - tank. In spite of this drawback, the m etho d for storing 
hydrogen in a solid fomrhasihe-highestrapacity of storage per volume unit 
i o (see again Table III hereinabove). 

It is knowrrthatsomeiechnical applications require a response 
time mucfrfaslui Ihan une~minute. 

Thus, forexample, in UPS systems (uninterraptiblepowersupply) 
using fuel cells fed with hydrogen, a response time of about one hundred 
15 milliseconds is usuallyTequired. Of course, a hydrogen sluiiny lank using metal 
hydrideranrrot^isfylhiST^c^^ However, in-such a case, use 

could be made of a tank in-which-hydrogen is stored in a gaseous form at high 
pressure. 

Similarly, in'hydrogen upe i aled vehicles, therearedifFerent types 
20 of transitoryperiods, like : 

short duration accelerations (second) which usually require a 
response time of about-one hurrdred-miHisecorrd*from'the propulsion system; 
and 

poweri nci eas es wherrthe vehicle is climbing up a hill, which may 
2 5 last a few minutes. 

In hybrid vehicles'whicfrmake use-of a fuel cell and batteries, the 
very short accel erations (second) can be taken "care by the batteries whereas 
thetransitory per i ods of a longei d uration (afewTninutes) mayTequire hydrogen 
stored in a gaseous-form. Onthe other hand, the average power which is of 
30 about 20 KW for a typical vehicle, may easily be accomodated by a metal 
hydride tank. The energy contained in the batte r ies of such a vehicle usually 
represents about 1% ofth e-ene rgyon board. Therefore, one-needs an amount 



of hydrogen higher than 1 % to take charge of the transitory periods. 

To sump up, in view of the above, it is obvious that there is 
presently a major need for a method for storing hydrogen which would combine 
the advantages of the different methods listed hereinabove. 

5 

OBJECT AND SUMMARY OF THE INVENTION 

An object of the present invention is to satisfy the above 
mentioned need by providing a new method for storing hydrogen which 
combines the advantages of at least two of the above mentioned methods for 

1 o storing hydrogen, namely the methods for storing hydrogen In a gaseous form, 

in a liquid form and in a solid form. 

The present invention basically consists in coupling and using in a 
single tank hereinafter called « hybrid tank for storing hydrogen » at least two of 
the methods for storing hydrogen mentioned hereinabove, namely : 
15 A) the method for storing hydrogen in a gaseous form ; 

• B) the method for storing hydrogen in a liquid form ; and 
C) the method for storing hydrogen in a solid form. 
One condition is that each of the above methods is used for storing 
at least 5% by weight of the total amount of hydrogen within the tank. 

2 o More specifically, the invention as claimed hereinafter is directed to 

a method for storing hydrogen in an hybrid form, which comprises the step of 
coupling and using within a single tank at least two hydrogen storage means 
selected from the group consisting of : 

a) means for storing hydrogen in a gaseous form ; 
25 b) means for storing hydrogen in a liquid form ; and 

c) means for storing hydrogen in a solid form by absorption, 
with the proviso that : 

p?^^tihfi-gtnringjT)eans^) to c) th at are used, is sized to store at 

least 5% by weight of the total amount of hydrogen stored within the tank; and 

3 o when use made of a combination of the storing means a) and c), 

then said means c) consists of a metal hydride having an equilibrium plateau 
pressure higher than 40 bar at the operating temperature of the tank. 



AMENDED SHEET 

CA 02452067 2003-12-24 



the means mentioned hereinabove for storing hydrogen in 
different forms are those commonly used for carrying out each of the above 
mentioned methods. They are very conventional and need not be further 
5 described in detail The only requirement is that they be coupled within the same 
tank in order to be used simultaneously for each storing at least 5% by weight of 
the hydrogen. 

Another object of the present invention is to provide a hybrid tank 
for storing hydrogen in both liquid and solid forms, comprising two concentric 

10 containers, one of the containers hereinafter called "inner container is located 1 
within the other one which is hereinafter called "outer container", the containers 
being separated by an insulating sleeve for maintaining the inner container at 
low temperature. The inner container is used for storing hydrogen in a liquid 
form. The outer container is in communication with the inner container. It is not 

15 under vacuum and contains a metal hydride for storing hydrogen in a solid form. 

A further object of the present invention is to provide a hybrid tank 
for storing hydrogen in both solid and gaseous forms, comprising: 

- a container having a metallic liner or inner wall covered with a 
polymeric outer shell, said container being devised to store hydrogen in gaseous 

2 o form at a higher pressure and to receive and store a metal hydride in order to 
' store hydrogen in solid form; 

- at least one heat pipe mounted within the container to allow 
circulation of a heat carrying fluid; and 

- a heat, exchanger located within the container in order to ensure 
25 thermal connection between said at least one heat pipe and the hydride. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The invention and the way it can be reduced to practice will be 

3 0 reference to the accompanying drawings in which : • 

Figure 1 is a diagram illustrating the equilibrium plateau of the 
hydride used in a hybrid gas-solid storage tank disclosed in example 1 ; 
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9 

Figure 2 is a-sc he ma tic c r o ss- secUuua l view of the hybrid liquid- 
solid storage ' tank disclosed irvexample 2 ; 

Figure 3 is a diagram illustratrng-the equilibrium plateau of the 
hydride used irrthe hybrid-gas-solid storage tank disclosed in example 3 ; 
5 Figure 4 is asc l tematic cross-sectional viewoflhe hybrid gas^solid 

storage tank disclosed in example 3; and 

Figures 5 and 6 are^diagrams-givrng the equilibrium plateaux of 
several hydrides-as : a funcliui rof Ihe lempeiatareand indicaliny which one could 
be used inthe hybrid gas=solid-storage-tank disclosed in examples 1 and 3. 

10 

EXAMPLE 1 : Hybrnfcstorage tank fui storing hydrogen in gas 
arrdsolidfuinis 

A hydi ogen stora ge tanktravingavolume of 1 literhasbeerrfilled 
up with a powderof-nanpparticles of a hydride of LaNi 5 having an average 

15 diameterof 5 nanometers . The powder-occupied 50% by volume of the tank, 
that is 0.5 liter, sinceitwas notcui npacted . Thenumberof alums oirthe surface 
of these n ar lupa i tid es-represented about 28% of the total amount of atoms 
within each-particle-considering-a layerof 0.4 to 0.5 nanometeronlhe surface of 
each Tianopa r ti cle. Theiank has-then-been filled up wittrgaseous hydrogen at 

20 different-pressures rangmg-from 1 0 bar (typical pressure of use of the metal 
hydride tanks) to 700 bars (typical pressure used in high pressure gaseous 
tanks). It was assumed thatthe amount of hydrogen in the volume and at the 
surface of the metal hydride corresponded to H/M=1 (H = hydrogen, M = 
metal), which is typical to most-metal hydrides. Urrderthese conditions, the 

2 5 amounts of hydrogen associatedlolhelwo'different means of storagethat were 
used, have been calculated and are-reported in Table V hereinafter : 



30 
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TABLE V 



Hydrogen 
within 

the tank ! 


Hydrogen in 

O 3 QRQ 11 S"OiT3SB 

(kg) 


% 


Hydrogen bound 
connected to the 
surface of the 
hydride 


% 


Hydrogen 
Inserted within 
the hydride 


% 


Total amount of 
hydrogen (kg) 


10 bar * 
150 psi 


0.0004 


1 


0.0142 


28 


0.0365 


71 


0.0511 


248 bar 
3600 psi 


0.0089 


15 


0.0142 


24 


0.0365 


61 


0.0596 


345 bar 
5000 psi 


0.0117 


19 


0.0142 


23 


0.0365 


58 


0.0624 


690 bar 
10000 psi 


0.0196 


28 


0.0142 


20 


0.0365 


52 


0.0703 



It is worttrnoting-that inlhe firstxase reported in Table V, that is 
5 when the pressure Ms of 150 psi {10 bar), the amount of- hydrogen in gaseous 
phase-represented about 1 % of theiotal amount. This example is illustrative of 
what ispreserrtlyTrtrtained in conventionahmetal hydride"tanks~and is therefore 
outside the scope ofth e pr esent * invention. However, in thethree othercases 
re ported hereinabove where'the pressures were of 3,600 psi, 5,000 psi and 
10 1 0,000 psi, the- amum lis uf hydrogerrirrgaseous phase r iepiesented about 1 5%, 
19% and 28% i espe c tiv ely~ofthe~total amountxrfhydrogerrwithrn tlie tank. Such 
is much highertharrthe limfrof 5% as indicated hereinabove. 

Thetankdisclosedin example 1 is illustrative of alank that can be 
used in a "back up" system based on a fuel cell or a hydrogen source 
15 generator. In the case of a failure of-the electric supply, the hydrogen in the 
gaseous phase will irrittaily supply the fuel cell orthe generatorthatwill slowly 
warm up. The pressure withinthe tank will be reduced. When the pressure 
reaches the equilibrium plateau ofthe hydride, that is about 2 bars for a AB 5 
alloy at room temperatu re, there will be almost no more hydrogen in the 
2 o gaseous phase. Then, the hydride will take overby providing hydrogen to the 
system-thanks tothe heat-generated by the-fuel cell orthe generator. 

It is worth-noting-that, inihis example, the equilibrium plateau of 
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LaNis which is a conventiona l lowlempeialure metal hydride at the operating 
te mperatu re (typteallyTanging behween 0 to 100°C), is slightly higherlhan the 
pressure of hy d r ogen l equ iredattheinletofiherfuel cell, whictrtypically about 2 
bars. If the tank contains-50% by volume of hydride^and the balance is occupied 
5 with gaseous-h ydrogen at 690 bars (1 0,000 psi), the situation will correspond to 
that of 1he di agram g iven- in Figure 1. 

Undersuch a circumstance, during operation of the system, the 
hydrogen will come first frun rthergaseous* phase. Then, when the amount of 
hydrogen and the gas pressure become low, the hydride will take over by 

i o providing hydrogerrtolhe-system. TheT^ressui^withirrthe-tank will then be kept 
at the level of the deso r ptior rplateau ofthehydride. The kinetics of the system 
will therefore be quite high atthe beginning (response time of the gaseous 
system) and t hereafter low(r e s ponse time-of-ther hydride system). 

There are also otherad vantages* in using such a hybrid method 

15 combining gas-and-solid*storage. In-particular, one can-mention : 

a) refilling-up-ofthelank iscarriedx>utin*ashorttinieascorripaied 
to conventional metal hydride tanks ; 

b) the design of" the heat liansfei components of the tank is 
simplified ; and 

20 c) the high'Storage-capacity by-volume of the metal hydride and 

the high capacity *of storage~by weightof theTiew cui i ipusite high-pressure gas 
storagetanksare combined. 

EXAMPLE 2 ; Hy b r i d tank fu r storing -h ydrogen in Hquid-and solid forms 

25 

A hybridtank 1 forstoringhydrogentraving a total volume of one 
liter has beerrdev ised f r om Iw o conuenliic - cuntai n e r s 3,5 (see Fig. 2). The inner 
container 3 had a volume of 0.8 liter" w hereas the outer container 5 had a 
volume of 0.2 liter. Arrinsulating:sleeve 7 was-positroned betweerrthe inner and 
3 0 the outercontainers 3,5 to keep-the inner cunlainer 3 at low temperature. 

In use, the irmercontainer 3 oflhetank 1 was filled up with liquid 
hydrogen. It contained'about 0.0708 kg/I x 0.8 liter= 0.0566 kg of hydrogen. The 
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outercontainerS waslilled^ith'aTKWderof a meta l hydride ofthetype LaNi 5 H 6 
which occupied about50% ofthe-volume, thatis about 0.1 liter. Therefore, the 
outercontainer 5 contained 6.59 kg/I x 0.1 literx 1 .4% = 0.0092 kg of hydrogen. 
The total amount-of hydrogen-stored within the-tank 1 was equal to 0.0658 kg 
5 (14% in the outertank and 86% inthe innertank). 

As curnpared1o _ a"Cunveiiliunal1ank for storing hydrogen in a liquid 
form, the tank disclosed irrexample 2 has the adv antage of having no loss of 
hydrogen overa*period'that7nay*exceed two-weeks. Indeed, the problem with 
any conventional liquid-hydrogerrslui aye*tank is* that the hydrogen evaporates 

10 (boil off). Up to 1% ofihe amount of liquid hydrogen" can evaporate each day 
from a ccmventionaltank (1% x 0.0566 kg- 0.0006 kg/day). In the hybrid tank 
disclosed in example. 2, theboilKrff-hydiuyen is~absprbed by theTnetal hydride 
that extends in-per i phery "of theii inei cuntainerand up to its-maximum capacity 
(that is 0.0092 kg/0.0006 kg/day - 1 5 days). 

15 It is worth noting that the idea of using metal hydrides for 

"catching" ev apu r ated -hydrogenfronrra liquid-hydr uye i i stu i aye tai ik has already 
been suggested, but by means of two separate systems that must be 
interrelated, connected and independently controlled. In this regard, one can 
refer to U.S. patent No. 5,728,483 to SANYO ELECTRIC CO. In contrast, in the 

2 o present invention, theseiwo-diFreieiil means fui slui ing-hydiuyerrare combined 
within a single tank-andtherefure operatein-asimplei manner. 

EXAMPLE 3 : Hybrid-tankf oi sluM i ig -hydrogerrin-gas^solid form 
foruse- irra"system having transitory periods 

25 

In the tank disclosed in example 1 , use was made of LaNi 5 H 6 as 
the hydride. This compo und is known to have a low equilibrium plateau (viz. 
lowerthan 40 bar) al ope r at ing- tempera ture. Use could also have been made of 
other hydride with a low equilibrium- plateau, such as NaAIH 4 , LiAlhU or MgH 2 . 
30 According tothe invention, it is however possible to use also a 

hydride having an equilibrium plateau that is much higher at the operating 
temperature (typically Tanging between 0° and 100°C) than the equilibrium 
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plateau of Ihe conventiuna l hydrides (typically-rangtng between 1 to 10 bar). 
Such a high equilibrium plateau is 40 bar or higher . An example of such 
hydrides is TiCr^a whichrhas an equilibrium plateau at ruum lempeiaturemuch 
higherthan 1 00 bars (see Fig. 6). There are alsomedium lempeiature hydrides 
5 with equilibrium-plateau at-higtrpressures, like TiMn 2 - y , Hf 2 Cu, Zr 2 Pd, TiCu 3 or 
Vo.855Cro.145 which can beof-in le i esl fui U lis- kindnof application (see Figs. 5 
and 6). 

Under thesedrcumstances, when'there is a need for hydrogen, 
the gaseous system of the storage tank will perrnit to accommodate such a 

1 o request with a veryshoi I response lime (t1 ) ofabout one second (forexample in 

the case of a ca r that acce lerates). When ti le pressurewithirrthetank drops and 
changes from a value (1) to a value (2) (see Fig. 3), the hydride will regenerate 
the gaseous systenrwifrra low er r espo nse-time (t2) of afewTninutes, until the 
next acceleration. 

1 5 This hy b ri d method ma kes itpossibletosubstantially simplify the 

structural components required for heat transfer in order to induce the 
desorptionfiom the hydiide orabsurptiurrtherein. Moreover, this hybrid method 
permits, thanksiolhehiglrpressure, to solve-the* problem of refilling hydrides 
such as-the al anates (NaAIH 4 or UAIH 4 ). Astothe kind of hydridesthat can be 

2 o used, refer ence - can b e ma de to Figure 5 (hydrides of the AB5 type) and Figure 

6 (hydrides of the AB 2 type) enclosed herewith. 

As an example of the way this method could be carried out, 
re f erence caT1 be~made-to Figure 4 which" shows a hybrid tank 11 for storing 
hydrogen in botlr sol id ~and -gaseous'form . The tank 11 comprises a container 
25 having a metallic linerorinnerwall 15 covered with a polymeric outershell 13. 
This type of container is-conventtonaland commonly used forstoring hydrogen 
in gaseous form at high pressure. It is preferably cylindrical in shape and 
provided with an axial opening 17. The liner 15 is usually made of aluminium 
whereas its outershell is* made of a composite-material reinforced with carbon 

3 0 fibers. In pract i ce , the cu i ila inerof the hybrid-tank 1 1 is intended to be used for 

storing hydi ogen in-gaseous-fbrnrat a-pressure usually higherthan 40 bar and 
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simultaneously toreceive : and-stuie-a meUil hydrideirroidei lo sluie hydrugen in 
solid fonn as well. 

At least-one heatpipe 19 is mounted withinihe containerto allow 
the circulatiorrof a 1 mat ta i i y ingfluid-wtthirrtl le ixjj ita iner 1 1 . As shown, the tank 
5 11 preferably comprises only one heat pipe 19 which is inserted into the 
containerthroug h the ope n i ng 17 and*extends*axially within thersarne. The tank 
11 furtherc on tpi ises a~heat~exchanger located* within the containerto ensure 
thermal connection between the heat pipe 19 and the hydride. This heat 
exchangerpreferablyxonsists-of at least u r le 1 1 l ela llkrgrid , oraporous metallic 

10 structureorfibers 21 which-extendsiransversally withirrthe container and is in 
dir ect cut i lacl wittrthe^axial heatpipe 19, theinetal linerwall 1 5 of the container, 
and the hydride-stored'withinthe-same. 

The use of such a system of heat pipe and heat exchanger to 
operate a metal hydride is already known (see, for example, U.S. patent No. 

15 6,015,041 granted in 2000 in the name of WESTINGHOUSE SAVANNAH 
RIVER CO). In the present case, the invention essentially lies in that the 
incorporation-of'such-a-system-into a tank used so far only for storing hydrogen 
in a gaseous fbrnrat' hiyh pre ssure irrorderto benefit fronrthe advantages of 
both technologies-simultaneously. 

20 
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CLAIMS 



1. A method for storing hydrogen in a hybrid form, 
5 characterized in that it comprises coupling and using within a single tank at least 
two hydrogen storage means selected from the group consisting of : 

a) means for storing hydrogen in a gaseous form; 

b) means for storing hydrogen in a liquid form ; and 

c) means for storing hydrogen in a solid form by absorption, 

io with the proviso that: 

each of the storing means a) to c) that are used , is sized to store at 
least 5% by weight of the total amount of hydrogen stored within the tank, and 
when use is made of a combination of the storing means a) and c), 
then said means c) consists of a metal hydride having an equilibrium plateau 
pressure higher than 40 bar at the operating temperature of the tank. 



15 



25 



2. The method according to claim 1 , characterized in that 
use is made of a combination of said storing means a) and c), and 
said storing means c) consists of a Ti- or alanate (AIH *) based 



20 hydride. 



30 



3. The method according to claim 1 , characterized in that : 
use is made of a combination of said storing means b) and c), and 
said means c) consists of a metal hydride. 

4. A hybrid tank for storing hydrogen in both liquid and solid 
forms, characterized in that it comprises two concentric containers, one of said 
containers hereinafter called "inner container" being located within the other one 

—■ wWclTlgh erei n a f tor called'outer^ntainer^icl^ontainere-beir^^eparatedJjy, 
an insulating sleeve for maintaining the inner container at low temperature, said 
inner container being used for storing hydrogen in a liquid form, said outer 
container being in communication with the inner container, being not under 
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vacuum and containing a metal hydride for storing hydrogen in a solid form. 



5, The hybrid tank according to claim 4, characterized in that 
the hydride that is used within the outer container is an hydride having low 
equilibrium plateau pressure at the operating temperature of the tank. 

5 6. The hybrid tank according to claim 5, characterized in that 

the hydride that is used within the outer container is selected from' the group 
consisting of NaAIHU, LiAIH 4 , LaNisHe and MgH 2 . 

7. The hybrid tank according to claim 4, characterized in that 
the hydride within the outer container is an hydride having a high equilibrium 

io plateau pressure at the operating temperature of the tank. 

8. The hybrid tank according to claim 7, characterized in that 
- the hydride that is used within the outer container is selected from, the group 
. consisting of TiCrm TiMn 2 .y, Hf 2 Cu, Zr 2 Pd, TiCu 3 and V 0 .855 Cro.us. 

9. A hybrid tank for storing hydrogen in both solid and gaseous 
15 forms, characterized in that it comprises: 

- a container having a metallic liner or inner wall covered with a 
polymeric outer shell, said container being devised to store hydrogen in gaseous 
form at a high pressure and to receive and store a metal hydride in order to also 
store hydrogen in solid form; 

20 - at least one heat pipe mounted in the container to allow 

circulation of a heat carrying fluid within said container; and 

- a heat exchanger located within the container in order to ensure 
thermal connection between said at least one heat pipe and the hydride. 

10. The hybrid tank according to claim 9, characterized in that: 

25 - the container is cylindrical and provided with an axial opening; 

- the tank comprises only one of said at least one heat pipe which 
is inserted Into the container through the opening thereof and extends axially 
within said container; and 
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- the heat exchanger consists of at least one element selected 
from the group consisting of metallic grid, fibers or porous metallic structure 
extending transversally within the container, each of said at least one grid being 
in direct contact with the axial heat pipe, the metallic liner of the container and 
5 . the hydride. 

1 1 . The hybrid tank according to claim 9 or 1 0, characterized in 
that the hydride that is used in the container is an hydride having low equilibrium 
plateau pressure at the operating temperature of the tank. 

1 2. The hybrid tank according to claim 1 1 , characterized in that 
10 the hydride that is used in the container is selected from the group consisting of 

NaAIH 4 , LIAIH4. LaNi 5 H 6 and MgH 2 . 

1 3. The hybrid tank according to claim 9 or 1 0, characterized in 
that the hydride in the container is an hydride having a high equilibrium plateau 
pressure at the operating temperature of the tank. ' 

15 1 4. The hybrid tank according to claim 1 3, characterized in that 

the hydride that is used in the container is selected from the group consisting of 
TiCr^B TiMn 2 -y, Hf 2 Cu, Zr 2 Pd, TiCu 3 and V 0 .b55 Cr ai 45. 
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